The aim of the current study was an in vivo evaluation of the bacterial adhesion on TiN coated orthodontic stainless steel wires in 20 patients (age15-25) undergoing fi xed orthodontic treatment who have the indication for placement of 0.019 ×0.0 25 inch Stainless steel arch wires in both jaws. TiN coatings were formed on orthodontic stainless steel wires by physical vapor deposition (PVD), Then the accuracy of the procedure was detected using SEM microscopy (PHILIPS XL 30) at ×2000 magnify. Each patient will serve as their own control, the coated arch wires will randomly be assigned to one jaw and the opposing jaw will receive a non-coated arch wires. After 4 weeks, the arch wires will be removed and cut at the same lengths (20mm). The samples were placed in sterile dishes containing phosphate buffered saline. After separation of bacteria in trypsin (25%) and ethylene di-amine teta-acetic solutions for 45 minutes, the diluted solution was cultured in blood agar and bacterial colony forming units were counted. According to the results, signifi cant difference detected on colony count on TiN coated orthodontic stainless steel wire (4 ± 3.4 ×10 4 ) compared to non-coated orthodontic stainless steel wire (8 ± 7.4 × 10 4 ) (P = 0.03). These results suggested that the TiN coated orthodontic stainless steel wire decreased bacterial growth and enhanced oral hygiene.
INTRODUCTION
Nowadays more people want orthodontic treatment to enhance their quality of life and obtain beautiful and healthy smile but placement of orthodontic appliances like brackets, tubes, band material, ligating materials and arch-wires inhibit the maintenance of a proper oral hygiene and are liable for microbial adhesion and create new retentive areas for plaque and debris, which in turn pre-disposes the patients to increased microbial burden and possibility of subsequent side effects such as gingival infl ammation and white spot lesions (Papaioannou et al. 2007 ). Moreover, orthodontic appliances severely hamper the effi cacy of tooth brushing, reduce the selfclearance by saliva, change the composition of the oral fl ora, increase the amount of oral biofi lm formed and the colonization of oral surfaces by cariogenic and periodontopathogenic bacteria. These factors strongly complicate orthodontic treatment, and illustrate that the need for oral biofi lm control is even greater during orthodontic treatment than usual (Pejda et al. 2013) .
The incidence of enamel demineralization and periodontal disease after fi xed orthodontic treatment can involve up to 50 % of patients (Nascimento et al. 2014) . Increased oral microbiota of Streptococcus mutans and Lactobacillus is associated with the onset of tooth demineralization and periodontal disease. Among different fi xed orthodontic appliances, wires could play a significant role in enamel demineralization because they are present throughout the period of orthodontic treatment. Areas of contact between the wire and brackets provide a unique environment that impedes proper access to tooth surfaces for cleaning, (Mhaske et al. 2015) . Eliades et al. (1995) earlier had reported that stainless steel represented the highest critical surface tension and energy and can be expected to have higher plaque retaining capacity. In addition, stainless steel was found to induce specifi c changes in the oral environment such as decreased pH, increased plaque accumulation, and elevated Streptococcus mutans and Lactobacillus acidophilus colonization (Sug-Joon et al. 2007) . Photocatalytic may provide a novel tool for the prevention of bacterial contamination and disinfection (Chun et al. 2007) . It is reported, the surface modifi cation of orthodontic wires with photocatalytic can be used to prevent the development of dental plaque during orthodontic treatment (Chun et al. 2007 ). The orthodontic wires used in dental treatments supply a good habitat for oral microorganisms suffi cient to cause dental caries or even periodontal diseases. More successful results can be achieved by reducing the chances for oral microorganisms to adhere to the surfaces of teeth and orthodontic wires. Therefore, the surface modifi cation of orthodontic wires with photocatalytic may provide more effective results in orthodontic treatments (Chun et al. 2007 ). Semiconductor particles such as titanium oxide, zinc oxide, tungsten oxide, cadmium sulfi de, zinc sulfi de, strontium titanate oxide, and iron oxide are considered ideal photocatalysts for these reactions (Chun et al. 2007 ). For instance, surface modifi cation of orthodontic wires with silver can be used to prevent the accumulation of dental plaque and the development of dental caries during orthodontic treatment. Among these, titanium has attracted considerable attention and has been reported to be the most useful substance in organic degradation processes on account of its chemically stable properties and absence of harmful effects on humans (Kim et al. 2010 and Mhaske et al. 2015) .
Titanium nitride (TiN) or nitrogen ion implanted coated dental materials have been investigated since the mid-1980s (Al Jabbari et al. 2012 ) and considered in various applications in dentistry such as implants, abutments, orthodontic wires, endodontic fi les, periodontal/oral hygiene instruments, and casting alloys for fi xed restorations (Al Jabbari et al. 2012 ) but few studies exists on orthodontic wires are modifi ed with TiN and tested for its antimicrobial properties. So, the aim of the current study was to determine the effect of the TiN coating on bacterial adhesion on orthodontic stainless steel wires.
MATERIAL AND METHODS
This in vivo study was done in Orthodontic department of Islamic Azad University of Medical Sciences, Tehran, Iran during 2015. A total 20 patients undergoing orthodontic treatment were included in the study. The patients aged between 15-25 years old. In each group 10 boys and 10 girls were allocated. Before the study, all patients were informed about the study duration and protocol (e.g. not application antibiotic and antibacterial mouthwash during the study) and fi lled and signed the agreement form.
STUDY PROTOCOL
The orthodontic wires used in this study were 0.019 × 0.0 25 inch Stainless steel (G&H Wire Company, USA) washed using Veb Hoch vacuum Dresden and ultrasonic device. Then the orthodontic wire was allocated into argon vacuum chamber at 10 -3 mBar for 60 minute, Nitrogen gas 10 -5 mBar for 20 minute. Then TiN coated on the Stainless steel orthodontic wire using electrolytic treatment system. First coatation was done using 600 volt and decreased to 200 volt in 10 minutes, continued for 20 minute. This procedure was taken 30 minutes at 180° C. The titanium applied before nitrogen gas expo- sure to enhance coated wires. Then the accuracy of the procedure was detected using SEM microscopy (PHILIPS XL 30) at ×2000 magnify (fi g.1). Then two types of the orthodontic wires (coated and non-coated) were used in each patient, the coated arch wire will randomly be assigned to one jaw and the opposing jaw will receive a non-coated arch wire. Then wires were removed after 4 weeks.
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COLONY COUNT
Wires were removed and cut at the same lengths (20 mm) and stored in sterile dishes containing phosphate buffered saline. Then samples mixed with trypsin (25%) and ethylene di-amine teta-acetic solutions for 45 minutes to separate bacteria from orthodontic wires. Then suspension diluted with 2.99 mL saline to volume of 3 mL. This procedure was done to achieve fi nal dilution (10 μL) and incubated on blood agar plate at 37° C for 24 hours. Then colonies were counted in 1×10 4 (Kantoriski et al. 2006 ).
STATISTICAL ANALYSIS
Data for bacteria load was analyzed by one way analysis of variance (ANOVA) using SPSS 16.0 for Windows and is presented as mean ± Std. Deviation. For treatments showing a main effect by ANOVA, means were compared using Tukey HSD test. P<0.05 was considered as signifi cant differences between treatments.
RESULTS AND DISCUSSION
The result of the bacterial load on the orthodontic stainless steel wire is presented in table 1. According to the results, signifi cant difference detected on colony count on TiN coated orthodontic stainless steel wire (4 ± 3.4 ×10 4 ) compared to non-coated orthodontic stainless steel wire (8 ± 7.4×10 4 ) (P=0.03). Orthodontic appliances frequently encroach on the gingival sulcus and act as an obstacle for maintaining the oral hygiene. Increase in infl ammation is noted immediately after placement of fi xed orthodontic appliances. The level of oral hygiene during treatment has a direct infl uence on periodontal status. Even with excellent oral hygiene, the majority of patients usually develop moderate gingivitis within few months after placement of the appliances. These changes are generally transient and are reversible with no permanent damage to the periodontal tissues (Shashidhar et al. 2015) .
Patients with orthodontic appliances apart from providing new retention areas of bacterial colonization will also experience oral ecologic changes such as low salivary pH, increased retention of food particles which may lead to increase dental decay (Van Gastel et al. 2009 ). As observed in this study, colony count on TiN coated stainless steel orthodontic wire (4 ± 3.4 ×10 4 ) compared to non-coated orthodontic stainless steel wire (8 ± 7.4×10 4 ) (P=0.03). These results suggested the coated stainless steel orthodontic wire with TiN decreased bacterial growth and enhanced oral hygiene.
Complicated appliance designs with loops and auxiliary arch wires create areas that are diffi cult to clean and may therefore enhance biofi lm formation (Ogaard, 2008) . The inter-bracket part of arch wires is relatively distant from the enamel surface and gingival tissues, and biofi lms formed here may also be considered relatively harmless to the enamel and gingival tissues. Moreover, biofi lms on these parts are easier to remove by brushing, compared with those formed on brackets, adhesives, and ligating devices. Biofi lms on the arch wires ligated in the bracket slot may however, compromise the effi ciency of the sliding mechanics (Eliades and Bourauel, 2005) .
Studies assessed the antibacterial activity of TiN coatings and concluded that there is no difference between Ti and nitrifi ed Ti for adherence of Streptococcus mutans (Tamura et al. 2002) , Porphyromonas gingivalis, and Actinobacillus actinomycetemcomitans (Yoshinari et al. 2001) . In contrast, the adherence of Streptococcus mutans and Streptococcus sanguis was signifi cantly reduced on TiN surfaces compared to polished ones (Grössner-Schreiber et al. 2001) . The same favorable results were found for titanium plasma sprayed compared to uncoated titanium plasma sprayed where Streptococcus pyogenes and Streptococcus sanguinis bacteria demonstrated decreased bacterial adhesion and proliferation (Annunziata et al. 2011) . Two studies based on in vivo data confi rmed the positive effect of TiN coating on the antibacterial activity of TiN surfaces. The results of showed that implants coated with TiN illustrated a minor quantity of the surface covered by bacteria after a 24-h exposure to the oral cavity while a smaller bacterial quantity were found on TiN glass sheets compared to pure titanium coated glass sheets after 60 h of intraoral exposure (Grössner-Schreiber et al. 2004) . TiN coatings seem to have a benefi cial effect on antibacterial activity inhibiting the formation of microbial plaque, minimizing the adverse effects of periimplantitis on implant longevity. The aforementioned antibacterial activity combined with the wear resistance to scaling treatment points out that the application of TiN coatings to implant abutments holds promise and is worthwhile for further scientifi c research and optimization. Iijima et al. (2010) studied the corrosion properties of nitrogen ion implanted NiTi wires (Neo Sentalloy Ionguard) compared to non-ion implanted NiTi (Neo Sentalloy). The two wires were examined utilizing potentiodynamic polarization measurements, which were completed in both artifi cial saliva and a fl uoride mouth rinse solution, as it has been hypothesized that the acidic environment created by fl uoride may dissolve the TiN coating.
Ion implantation is another method used to modify the surface of materials. It consists of a low temperature process in which ions penetrate the surface of a material and modify it instead of coating it (Narayan, 2009 ). This technique has been used in orthodontics for different purposes.
It is reported, the sliding friction force between 0.014 inch NiTi wire and the bracket ranged from 2.94 to 31.42 N in a simulated intra-oral environment. After the mechanical test, the presence of deeper binding scratches was observed by SEM (Chang et al. 2013 ). Doshi and Bhad-Patil found a positive correlation between roughness and frictional resistance of orthodontic wires and brackets (Doshi and Bhad-Patil, 2011) . It is reported, the surface roughness value was 19.2 nm for the untreated NiTi wire and 21.9 nm for the TiN/Ti-coated wire. The slight increase in roughness would not signifi cantly increase the frictional resistance during sliding motions. Owing to high wear resistance, a TiN coating to improve the wear and fatigue resistance of hip prostheses (Piscanec et al. 2004 ). FIGURE 1. Scanning electron microscopy images of TiN coated and non-coated orthodontic stainless steel wires (×2000 magnifi cation).
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS THE EFFECT OF THE TITANIUM NITRIDE COATING ON BACTERIAL ADHESION
Other study reported that the TiN coating on the NiTi alloy reduced the friction coeffi cient and improves wear resistance by sliding wear tests. Bacterial adhesion on medical devices has a strong infl uence on the long-term outcomes of clinical applications. An antibacterial ability is important in dental applications. Sukontapatipark et al. (2001) evaluated the surface of fi xed orthodontic appliances in the oral cavity. After a 3-week tooth bonding period, results from SEM observation indicate that bacterial colonization had occurred on orthodontic brackets and ligature surfaces. Orthodontic treatment procedures are associated with bacteremia, in which aerobic and anaerobic bacteria were isolated from blood samples of these patients. A separate study exposed (Lucas et al. 2002) . TiN-coated surfaces showed a signifi cant reduction in the presence of bacteria, in comparison with Ti substrate .
CONCLUSION
In conclusion these results suggested that the coated orthodontic stainless steel wire with titanium nitride decreased bacterial growth and enhanced oral hygiene. Orthodontic surface treatment is an important area of active research. A myriad of materials and techniques have been implemented to modify the surfaces of dental materials. However, today only a few are being used in clinical orthodontics, especially in areas such as friction control and reduction of bacterial adhesion.
